Approximately one in four Australian children aged 5-17 years are overweight or obese. Most of the health effects of overweight and obesity in childhood do not eventuate until into adulthood; therefore, motivation for children to have a healthy diet may be low. This scoping review examined the literature for associations between diet quality in 5-18 year olds and 'school-valued' outcomes including student attendance, academic performance, behaviour at school and mental health. A literature search for studies that assessed dietary intake and at least one 'school-valued' outcome in schoolchildren, in highly developed countries was conducted. After applying selection criteria, 35 studies were included examining academic performance (46%), behaviour (11%), mental health (31%) and 11% examining two of these outcomes each. No relevant studies addressed attendance. In general, dietary factors including consumption of fruit and vegetables, discretionary foods and/or beverages, or overall diet quality, were suggested to be correlates of the 'school-valued' outcomes. However, the evidence is not comprehensive. This review elucidates the extent and nature of available literature, and provides a basis for future research where the potential benefits of diet on 'school-valued' outcomes can be thoroughly explored.
Introduction
The Australian Heath Survey conducted in found that approximately one in four (27.4%) children aged 5-17 years were overweight or obese [1] . Children who are overweight or obese are more likely to remain obese as adolescents and become overweight or obese adults thus having increased risk of poor health outcomes [2] . Furthermore, the 2011-12 Australian Health Survey showed that Australians currently get a third of their daily energy intake from discretionary foods [3] , which are not a necessary part of the diet and may contribute to poor health [4] .
The current Australian Dietary Guidelines provide advice about foods to eat for health and wellbeing and to reduce the risk of diet-related conditions and chronic diseases such as heart disease, Type 2 diabetes, some cancers and obesity [5] . For children, some negative effects of being overweight or obese occur during childhood, but many do not eventuate until into adulthood [2] . Therefore, motivation for children to have a healthy diet may be low due to the absence of immediately obvious effects.
Linking diet quality in children to other outcomes, that are immediately evident, may increase motivation for children to follow a healthy diet. Furthermore, linking diet quality in children to 'school-valued' outcomes may increase motivation for schools to focus on healthy eating by providing comprehensive education regarding diet and food, and to ensure only healthy food is provided in the school environment. Potential 'school-valued' outcomes include student attendance, academic performance, behaviour at school and mental health.
According to the NSW Schools Physical Activity and Nutrition Survey (SPANS) conducted in 2010, approximately two-thirds of NSW primary and secondary school students (Years 2, 4, 6, 8 and 10) reported purchasing their lunch from the school canteen at least once per week [6] . The foods obtained and frequency with which a student eats from the school canteen has the potential to influence overall diet quality. Furthermore, the school environment, particularly the school canteen, is often considered as an ideal setting to promote healthy eating [7, 8] .
Good academic performance of students is always a concern for principals and/or management bodies, in part because students' academic performance is directly related to a school's reputation [9] . In their 2014 report, the US based Centres for Disease Control and Prevention concluded that healthy students have better academic performance, education behaviour, and cognitive skills and attitudes [10] . However, limited research has been conducted to explore the association between overall diet quality and the aforementioned 'school-valued' outcomes. Hence, the aim of this research was to conduct a scoping review of the available literature examining the impact of diet quality in school-aged students (aged 6-18 years) on 'school-valued' outcomes.
Materials and methods
The current scoping review is informed by the methodological framework proposed by Arksey and O'Malley [11] . The components of the framework used to guide this scoping review include (1) defining the research question, (2) identifying all relevant studies, (3) study selection, (4) interpreting and synthesizing and (5) summarizing and reporting the results [11] .
Defining the research question
The research question to be addressed in this review was "What is known from the existing literature about how diet quality impacts upon 'schoolvalued' outcomes, such as academic performance, in-class behaviour and/or other behaviour at school, student attendance and mental health in school-aged children (aged 6-18 years)?"
Identifying all relevant studies
The literature search was conducted using electronic databases including MEDLINE, CINAHL, EMBASE, PsycINFO, Scopus, Science Direct and Web of Science from the date of inception to October 2015. Combinations of the following search terms were used: children, students, nutrition, diet, food, eating, school, canteen, cafeteria, attendance, academic, education, performance, outcomes, achievement, learning, concentration, cognition, behaviour, wellbeing and mental health. Additional searches of websites of key organizations such as the World Health Organization (WHO) and the CDC were also used to ensure inclusion of relevant literature. References were exported to Endnote X7 citation management software (Thomson Reuters, Philadelphia, PA, USA) and duplicates were then removed.
Study selection
Titles and abstracts were screened to determine whether the articles met the selection criteria. Study inclusion criteria were the following:
. Studies examining multiple study factors and/or outcomes were also included only if they reported the independent relationships between dietary intake and at least one of the 'school-valued' outcomes.
Study exclusion criteria were the following:
. Conducted in populations with particular medical condition(s) (e.g. diabetes) . Focused on single micronutrients, food fortification, or nutrient supplementation . Measured only meal frequency or regularity References of included articles were also checked manually to identify further relevant studies.
Interpreting and synthesizing
Key information from the resulting articles was extracted and charted in a spreadsheet based on the focus of the scoping question. The included articles were examined for the following characteristics: author(s), year of publication, country, aim(s) of the study, study design, study population, intervention (if applicable), measures of dietary intake and 'school-valued' outcomes, and main findings.
Summarizing and reporting
Study characteristics were summarised qualitatively in tabular and narrative forms in order to elucidate the extent and nature of the existing literature. The analysis allowed key findings and knowledge gaps to be identified, by noting commonality across the spreadsheet.
Results
The search strategy identified 8962 citations (Fig. 1) . Following removal of duplicates and nonEnglish articles, 5496 citations were screened based on title. A total of 4395 citations were removed after applying inclusion and exclusion criteria. After abstract review, 249 remained for full text examination, of which 214 articles were excluded. See Fig. 1 for details of reasons for exclusion. As a result, 35 studies were eligible for inclusion in this scoping review [9, . The included studies were available from 28 journals and the year of publication ranged from 2002 to 2015, with 25 studies published from 2010 onwards.
Study characteristics
The studies were implemented across several continents, with most being implemented in North America (n ¼ 15, 43%) [14-19, 21-23, 27, 31, 32, 34, 35, 42] (the majority in the USA, n ¼ 11). The remaining studies were carried out in Europe (n ¼ 11, 31%) [13, 20, 24, 25, 29, 33, 38, 40, 43, 44, 46] , Asia (n ¼ 6, 17%) [9, 28, 30, 36, 39, 45] , Oceania (n ¼ 2, 6%) [37, 41] and South America (n ¼ 1, 3%) [26] .
Of the 35 included articles, there were 34 crosssectional studies (97%) [9, and one randomised controlled trial (n ¼ 1, 3%) [46] .
Approximately one-third of the studies were implemented in primary schools (n ¼ 12) [14, 16, 18, 21, 22, 25, 28, 30, 34, 38, 45, 46] , half in secondary schools (n ¼ 19) [13, 15, 17, 19, 20, 24, 27, 29, 31-33, 35-37, 39-41, 43, 44] and four (12%) in both primary and secondary schools [9, 23, 26, 42] . Sample sizes ranged from 107 to 16 188 participants. Most of the studies investigated both genders (n ¼ 34, 97%) [9, [40] [41] [42] [43] [44] [45] [46] , of which four (12%) studies stratified and reported outcomes by gender [9, 24, 32, 37] . One (3%) study recruited a sample comprising girls only [39] . More specific associations were reported for females compared with males. One study [9] reported for males that protein density was significantly associated with student's performance but only in the 16-to H. S. K. Chan et al. Association between dietary intake and 'school-valued' outcomes 17-year-old male group. Four studies [24, 32, 37, 39] reported specific findings for females which were: high intake of vegetables was found to be associated with higher academic achievement [24] ; sugar-sweetened soft drinks and salted snacks was significantly associated with poorer academic grades [24] ; healthy diet was one of the independent protective factors of symptoms of depression and stress for females [32] ; higher odds of depressive symptoms were observed in females who consumed greater amounts of sweet drinks, compared with those who consumed less sweet drinks [37] ; good dietary habits had a significantly negative correlation with life stress in Korean and Chinese girls (P < 0.01) [39] ; and snack intake had a significantly positive correlation with life stress in Korean and Chinese girls (P < 0.01) [39] . While an inclusion criterion was for the studies to measure dietary intake as an exposure variable, cross-sectional studies which assessed dietary intake and 'school-valued' outcomes simultaneously were also included in the scoping review, due to the nature of the study design. In the majority of the 34 cross-sectional studies, the exposure factor was dietary intake (n ¼ 29, 85%) [9, 13-18, 20-29, 31, 32, 35, 37-46] . Approximately two-thirds of these studies (n ¼ 18) had a primary focus on dietary intake [14, 15, 18, 20, 22, 25, 26, 28, 29, 31, [38] [39] [40] [41] [42] [43] [44] [45] , whereas the remainder (n ¼ 11, 38%) analyzed multiple health behaviours as exposure factors [9, 13, 16, 17, 21, 23, 24, 27, 32, 35, 37] . Only two studies (6%) examined the association between foods consumed at school, including school meal intervention and unhealthy snacking, and 'school-valued' outcomes [26, 46] . Scholastic achievement, behavioural and mental health problems were considered as exposure variables in 1 (3%) [19] , 1 (3%) [30] and 3 (9%) [33, 34, 36] of the cross-sectional studies.
As noted in Fig. 1 , the number of studies examining the association between dietary intake and single 'school-valued' outcomes included 16 (46%) for academic achievement [9, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] , 4 (11%) for behaviour at school [28] [29] [30] [31] and 10 (29%) for mental health [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] . Plus, there were five (14%) studies that assessed multiple 'school-valued' outcomes. Of these, three studies targeted academic achievement and in-class behaviour [44] [45] [46] , one study targeted academic achievement and mental health [42] and one study targeted behaviour at school and mental health [43] . No studies measured school attendance.
Detailed information on the retrieved studies can be found in Supplementary File 1 (Supplementary data are available at HEAL online).
Overview of the measures utilised in the included studies
Dietary intake: Self-or parent-reported food frequency questionnaires were administered to measure eating patterns among schoolchildren. The information collected was then assessed and reported using various methods, with the most common being consumption of food group(s) (n ¼ 22, 63%) [13, 15, 17-24, 26, 27, 29-31, 33-35, 37, 43-45] , particularly the intake of fruit, vegetables and discretionary food choices. Other indicators of diet quality were overall diet quality score (n ¼ 8, 23%) [14, 16, 25, 32, 38, 39, 41, 46] as well as energy and/or macronutrient intake (n ¼ 5, 14%) [9, 28, 36, 40, 42] . Only two studies (6%) specifically targeted school meal intervention and unhealthy snacking [26, 46] .
Academic achievement: Of the 20 studies which analysed academic achievement (ref .  Tables I and IV, Supplementary data are available at HEAL online), approximately half utilized the results of standardised national or provincial literacy assessment (n ¼ 9, 45%) [14, 16-18, 22, 23, 26, 42, 46] . Other prevalent methods included self-reported school grades for core subjects (n ¼ 6, 30%) [13, 15, 19, 21, 24, 27] and school grades obtained from teachers or school administration (n ¼ 3, 15%) [9, 25, 44] . Subjective measures, including self-reported and parent-reported learning difficulties, were also used in two (10%) studies [20, 45] .
Behaviour at school: In total, there were eight studies (ref . Tables II and IV , Supplementary data are available at HEAL online) determining behavioural problems among school-aged children using a wide variety of validated assessment tools. For primary schoolchildren, teachers (n ¼ 1, 13%) [28] and H. S. K. Chan et al. parents (n ¼ 2, 25%) [30, 45] were involved in evaluating children's hyperactivity/inattention symptoms by completing Attention Deficit Hyperactivity Disorder (ADHD) screening or diagnostic tools. An alternative used in the primary school setting to measure concentration was the d2 Test of Attention (n ¼ 1, 13%) [46] . Similarly, inclass behaviour and other conduct problems among secondary students were most commonly assessed by self-reported questionnaires comprising relevant subscales (e.g. hyperactivity/inattention and conduct problems) that were adapted from validated instruments (n ¼ 4, 50%) [29, 31, 43, 44] .
Mental health: Psychological outcomes including stress, anxiety and depressive symptoms were investigated in 12 studies (ref . Tables III and IV [39] . Overall psychological distress was assessed in seven studies (58%) and was measured by mental health screening tools [35, [38] [39] [40] [41] [42] [43] . The remaining studies applied separate measures of stress and/or depressive symptoms (n ¼ 5, 42%), examining the intensity and frequency of each symptom reported in different rating scales [32-34, 36, 37] .
Since the majority of the included studies were cross-sectional, dietary intake and 'school-valued' outcomes were used interchangeably in different studies.
Overview of included studies' findings
Association of diet with academic outcomes: A total of 20 studies examined the association of diet with academic outcomes (ref . Tables I and IV , Supplementary data are available at HEAL online). The positive association between overall diet quality and academic achievement was statistically significant in all studies which analyzed overall diet quality score as an exposure variable (n ¼ 4), of which two studies gathered data from the same cohort [14, 16, 25, 46] . Furthermore, consumption of several food groups were analysed in 14 studies [13, 15, 17-19, 21-24, 26, 27, 29, 44, 45] . There was a statistically significant positive association between fruit (n ¼ 3, 50%) [15, 24, 29] and vegetable (n ¼ 4, 57%) [15, 24, 27, 45] intake and academic performance. Moreover, all studies that examined intake of discretionary food and/or beverages (n ¼ 12) reported increased consumption of this food group was associated with decreased academic grades [13, 17-19, 21-24, 26, 27, 29, 45] . Of these, one study found that the association was weak after controlling for potential confounders [13] . A few studies investigated dairy (n ¼ 2) [17, 45] and fish (n ¼ 2) [29, 44] consumption, which did not reveal a consistent association with academic performance. Only two studies analysed the daily energy and/or macronutrient intake and its association with school performance [9, 42] . One of these indicated that increased energy intake had a small, but consistently negative association with school grades [9] . Another study which specifically measured dietary fat indicated that total fat and saturated fat intake were unrelated to achievement and intelligence test results, while increased polyunsaturated fat and decreased cholesterol intakes were associated with improved performance [42] .
Association of diet with behaviour at school: Eight studies investigated the relationship between diet and students' behaviour at school (ref . Tables II  and IV , Supplementary data are available at HEAL online). The association between intake of discretionary foods and/or beverages and conduct problems was most frequently measured (n ¼ 5) [29-31, 43, 45] . While four studies indicated that behavioural problems increased with intake of this food group [29] [30] [31] 45] , the remaining study indicated that there was a J-shaped dose-response relationship between soft drink consumption and adverse behavioural outcomes [43] . The only study that examined fish consumption indicated that it was unrelated to children's concentration [44] . Two other studies found that overall diet quality [46] and sugar intake [28] were unrelated to students' behaviour.
Association of diet with mental health: Twelve studies examined the association of diet with mental health among schoolchildren (ref.
Association between dietary intake and 'school-valued' outcomes Tables III and IV, Supplementary data are available at HEAL online). The likelihood of demonstrating a positive association between dietary intake and mental health outcomes was the greatest when overall diet quality was assessed (n ¼ 4, 100%) [32, 38, 39, 41] . In addition, six studies examined consumption of various food groups [33-35, 37, 40, 43] . However, these studies did not reveal a consistent relationship between fruit and vegetable intake and mental health [33] [34] [35] . A similar discrepancy was also observed for studies that investigated consumption of discretionary food and/or beverages [33-35, 37, 40, 43] . Of the two studies which examined macronutrient intake, one stated that dietary fat intake was not associated with psychological outcomes [42] , while another study suggested a positive relationship between academic stress and sugar intake [36] .
Discussion
The aim of this scoping review was to provide an overview of studies that have examined the association between dietary intake and 'school-valued' outcomes among school-aged children. Although the search strategy identified more than 8000 articles, the final number of studies that met the inclusion criteria was low (n ¼ 35, 4%). Among the 35 studies included in the review, a range of dietary factors were suggested as correlates of the 'schoolvalued' outcomes, including (i) consumption of fruit and vegetables; (ii) intake of discretionary foods and/or beverages; or (iii) overall diet quality. The outcomes mostly targeted were academic performance (n ¼ 20) and mental health (n ¼ 12). There was a smaller number of studies examining in-class or playground behaviour among schoolchildren (n ¼ 8), with no relevant studies addressing school attendance.
Overall, increased consumption of discretionary foods and/or beverages was found to be statistically significantly linked with poorer academic grades and in-class behaviour in all studies which measured these associations. The positive association between fruit and vegetable intake and academic performance was significant in approximately half of the studies examining the related associations, whereas findings in regard to behavioural problems and mental health were inconsistent among studies. In relation to mental health, higher overall diet quality was frequently linked with improved psychological outcomes. The effects of other food groups, as well as energy and/or macronutrient intake, on the 'school-valued' outcomes were unclear due to the limited number of relevant studies and inconsistent findings.
To our knowledge, this is the first scoping review that has mapped the literature focusing on dietary factors that correlate with several 'school-valued' outcomes. While there is evidence suggesting that compromised nutritional status is likely to be associated with adverse school outcomes, most studies targeted either weight or micronutrient status in children [47] [48] [49] [50] [51] . Previous studies demonstrated that frequency of breakfast consumption and meal regularity are strong predictors of academic performance [9, 10, 49] . However, the number of studies investigating the overall diet quality and relation to 'school-valued' outcomes was limited. The current research attempts not only to address the research question, but also to provide a basis for more analytic evaluations of the possible impact of dietary intake on 'school-valued' outcomes, which in turn will provide a more extensive body of literature regarding the benefits of healthy eating.
This study provides a summary of exiting evidence linking 'school-valued' outcomes to dietary intake. Bringing this research together may motivate researchers or governments to conduct further work in the area. Furthermore, it may motivate schools to focus on healthy eating by providing comprehensive education regarding diet and food, and to ensure only healthy food is provided in the school environment. To date, a number of studies have revealed that the majority of school canteens in Australia were not compliant with relevant state or territory guidelines [7, 8, 52] . This may be because principals and/or management bodies often place higher priority on other 'school-valued' outcomes, or have a perception that parents are responsible for children's eating habits [8] .
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While this review showed that peer-reviewed literature was available, there were some common limitations of the reviewed studies. First, the majority of studies employed a cross-sectional design, which limited the ability to understand the causality in relation to the observed associations. Second, the included studies lacked consistency in measurements and indicators used for dietary intake and 'school-valued' outcomes as well as in the analytical approaches, thereby presenting a challenge in making comparisons among the included studies. Despite most studies targeting multiple food groups or macronutrients, researchers were less likely to report null results, which in turn decreased the accuracy of determining the total number of reported associations. This publication bias may have distorted the available literature thereby resulting in over-representation of research studies with statistically significant associations reported.
While dietary intake and the 'school-valued' outcomes can be confounded by many factors, including socioeconomic status, school factors and other variables, this study did not examine or report any of the confounding factors. It would be worthwhile to conduct further research to examine confounding factors which could add further, valuable knowledge to the existing evidence. Only five studies [9, 24, 32, 37, 39] reported outcomes by gender, which again would be a valuable area for further research.
In terms of methodological considerations, this review possesses several limitations and strengths. One limitation of the review was that there was no expert discussion or consultation in selecting articles, as it is an optional step in the framework proposed by Arksey and O'Malley [11] . There are potentially additional studies that examined the associations of interest. While no date restriction was applied in the search, most of the included studies (n ¼ 25, 71%), were published from 2010 onwards, indicating the data were the most current [17-31, 35-41, 44-46] .
Strengths of this review include the applicability of findings in the Australian context. Included studies were limited to only highly developed countries due to the disparities in demographics and socioeconomics between highly and less-developed countries. Despite the limitations the findings of the current review still offer an overview of the extent and nature of available literature, which can serve as a basis for future systematic reviews where the quality of evidence can be explored.
This review highlights potential predictors of 'school-valued' outcomes and provides a basis for more analytic evaluations of the possible impact of healthy eating on these outcomes. In particular, systematic reviews of possible impacts of dietary intake on academic performance seem feasible, as most of the included studies have addressed this association. In the current review, a broad age range (aged 6-18 years) was used to define school-aged children. Future research should preferably present findings stratified by age subgroups to better reflect the diversity in their dietary and food purchasing behaviours as well as study habits across life stages and school settings that may be linked to 'school-valued' outcomes. Ideally, future studies should also be designed to account for the possible causal factors involved in the association of interest. Apart from the demographic characteristics and socio-economic status that were examined in most of the research studies, other factors such as school attendance, classroom practices, and study habits should also be considered and reported, given that these could be potential factors which contribute to academic, behavioural and psychological outcomes.
In conclusion, the findings indicate that dietary intake is associated with 'school-valued' outcomes to some extent, but the evidence has not been comprehensive and is disproportionate across various outcomes. Further analytical research is required to thoroughly assess the potential impact of dietary factors on academic and behavioural outcomes, as well as mental health among primary and secondary school students. This may help emphasise the importance of addressing healthy eating in schools to achieve educational goals and motivate principals and/or other stakeholders. assistance with the study design. We would also like to thank Professor Margaret Allman-Farinelli from the University of Sydney for comment on the manuscript.
